FUSION IN EUROPE
NE WS

&

VIE WS

ON

THE

PROGRESS

OF

F USION

RESE ARCH

AN UNREAL REALITY PUSHES
FUSION SCIENCE
JET – THE MOST SUCCESSFUL
PERFORMANCE IN YEARS
HOW TO TAME PLASMA
TURBULENCE

4

2016

FUSION IN EUROPE

Contents
Delphine Keller from EURO
fusion’s French Research Unit
CEA is dressed for a jump into
the virtual fusion world. Glas
ses, immersive headsets and
motion trackers allow her to
study the interior of a tokamak.
Picture: CEA

4

2016

Moving Forward
3

A European fusion programme to be proud of

4

The most successful performance in years

6

An unreal reality pushes fusion science

10 IAEA awards EUROfusion’s work
12 Impressions

Research Units
14 COMPASS has changed its point of view

18

18 How to tame plasma turbulence
21 Mix it up!

The simulation of electrostatic potential along
the torus lines inside a fusion experiment. These
experiments help to find origins of plasma turbulence..

22 News

Community

Picture: GYRO/General Atomics

24 Supernovae in the lab – powered by
EUROfusion
28 Pushing the science beyond fusion
30 Young faces of fusion – Robert Abernethy

12

Fuel for Thought

Who says operators
at the Czech tokamak
COMPASS don’t
have a sense
of humour? –
More amusing details from fusion on page 12 and 13.

33 Combining Physics and Management Forces

Perspectives
34 Summing Up

Picture: EUROfusion

Imprint
FUSION IN EUROPE
ISSN 1818-5355

For more information see the
website: www.euro-fusion.org

EUROfusion
Programme Management Unit – Garching
Boltzmannstr. 2
85748 Garching / Munich, Germany
phone: +49-89-3299-4128
email: anne.purschwitz@euro-fusion.org
editors: Petra Nieckchen, Anne Purschwitz
Subscribe at newsletter@euro-fusion.org
/fusion2050
@PetraonAir
@FusionInCloseUp
@APurschwitz

© Tony Donné (EUROfusion Programme Manager)
2016.
This newsletter or parts of it may not be reproduced
without permission. Text, pictures and layout, except
where noted, courtesy of the EUROfusion members.
The EUROfusion members are the Research Units
of the European Fusion Programme. Responsibility
for the information and views expressed in this
newsletter lies entirely with the authors. Neither
the Research Units or anyone acting on their behalf
is responsible for any damage resulting from the
use of information contained in this publication.

| Moving forward | EUROfusion |

A EUROPEAN FUSION PROGRAMME TO BE PROUD OF
When I started as Programme Manager
in mid-2014, I thought that the first two
years would be particularly challenging
since EUROfusion was a completely new
organisation and many things needed to
be set up from scratch. Since then, I have
learned that every year of EUROfusion
has its own special challenges.
Looking back on 2016, we can be satisfied with what has been achieved. The
midterm review panel and the management assessment have confirmed that
EUROfusion is fit for purpose. I am
pleased that our stakeholders recognise
the efforts that EUROfusion has made in
its first two years.

Tony Donné,
EUROfusion
Programme
Manager

During the recent IAEA Fusion Energy Conference in
Japan, EUROfusion presented itself very well. I was informed, by various sources, that people had noted the large
number of presentations and posters we were producing.
We have shown to the world that Europe has a coherent
fusion programme that we can be proud of.

do need to make sure that everything possible is done
to continue the JET programme and prevent this flag
ship r esearch from being affected by the British decision
to leave the Union. It is our desire to keep collaborating
strongly with our British partner, the Culham Centre for
Fusion Energy (CCFE).

Wendelstein 7-X is a new superstar amongst EUROfusion’s devices. After successfully switching on the stellarator back in December 2015, the machine realised its first
hydrogen plasma discharge last February, causing huge
media interest worldwide. When I recently presented an
overview of the EUROfusion programme during a lecture
in Japan, the audience was very positive especially with
regard to the fact that we have successfully integrated the
tokamak and the stellarator lines of research into a single
programme. Also, the horizontal programming across the
various tokamaks is something that other countries envy
Europe for.

2017 will be a special and challenging year yet again. But
EUROfusion will no doubt receive strong support from
its new Ukrainian Research Unit which joins us on January 1st. We will also be plugging in two new machines:
WEST. The tungsten tokamak from the French Research
Unit CEA has been almost completely refurbished and the
only spherical tokamak in the European fusion programme,MAST-Upgrade at CCFE, will also join our quest for
fusion energy.

JET’s latest campaign has been the most fruitful in years.
The recent results are significant for ITER’s success. Hence,
it is also very important for the world’s biggest upcoming
t okamak that the predecessor JET will operate the
deuterium-tritium campaign which is scheduled for
2019 – 2020. Therefore, we must keep a close eye on the
developments in Great Britain after this year’s Brexit
referendum. The short-term future of EUROfusion’s flag
ship facility is secure until 2018. Having invested m
 any
years, both in terms of resources as well as in energy, we

All those efforts and successes would not have been
possible without the dedicated staff of EUROfusion
and its Beneficiaries. I dearly appreciate everyone who has
contributed to EUROfusion in 2016 and I hope to continue
with our good work in the coming year.

Tony Donné
EUROfusion Programme Manager
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THE MOST SUCCESSFUL
PERFORMANCE IN YEARS

E

UROfusion’s flagship facility was literally jumping for joy.
The Joint European Torus (JET), the only fusion device

capable of operating deuterium-tritium, has just delivered
the most successful experimental campaign of the last five
years. The newest results prepare the ground properly for the
deuterium-tritium (DT) campaign, scheduled for 2019.

THE STAFF WAS ALL SMILES
“I haven’t seen so many smiley faces in the Control
Room for years. This is the best indicator that we, as the
JET Operator, did well”, says a relieved Dragoslav Ciric,
Tokamak Operations Manager at the Culham Centre for
Fusion Energy (CCFE) and home to JET. What made this
campaign so successful was the proof of high machine
reliability, high heating power and good plasma diagnosis.
Achieving reliable high-power beams was one goal. The
Neutral Beam Injection (NBI) and Ion Cyclotron Resonance
Heating (ICRH) delivered a machine performance of 23 to
26 MW as well as 4 to 6 MW with every JET pulse. NBI is a
method of providing additional heating and current drive to
the plasma using a beam of high velocity neutral atoms. In
October 2016 alone, JET was able to achieve 68 high power
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NBI pulses. To put these numbers into perspective, this is
more than the entire number of high power pulses obtained
over the past five years!

ACCESS TO A NEW REGIME
Bringing the machine back on track was a tricky task
since technical issues have hampered the tokamak for
quite s ome time. The primary problem was related to
the breakdowns (arcs) in the neutral beam high voltage
transmission system. They were difficult to diagnose. The
arcs were causing cross-talk between systems which had
made the underlying cause difficult to find. An ad-hoc task
force with daily meetings had successfully analysed the
problem. The experts deployed additional diagnostics on
the transmission system, which rapidly brought JET back
into operation, albeit with a maximum power limited to

| Moving Forward | EUROfusion |

More information about EUROfusion’s
progress, JET and ITER can be found in the special edition of the “EUROPHYSICS NEWS” (47/547/6 2016). The “Nuclear Fusion and Plasma
Physics” issue features articles about challenges
in fusion, plasma applications in medicine and
the newcomer, the Wendelstein 7-X Stellarator.

Photo taken during the last shift of this year‘s JET
experiments. The campaign has provided plenty of
valid data for the scientists. Pictures: © protected by
United Kingdom Atomic Energy Authority

www.zyyne.com/
zh5/217174#p=0

28 MW. During the recent deuterium campaign, the system
routinely functioned above 25 MW, providing access to a
regime that has never been accessible on JET – with the
new ITER-like wall, made of tungsten and beryllium. “We
are now more confident of reaching high levels of fusion
performance in JET with the ITER wall materials and of
a rapid and successful push to high performance in ITER
itself,” says JET’s Exploitation Manager Lorne Horton.

PUSHING ITER TO HIGH PERFORMANCES
The results were presented during the 2016 Fusion Energy
Conference. “Apart from JET’s technical reliability, we
observed some very interesting and new physics,” says
Xavier Litaudon, Head of EUROfusion’s ITER physics department. “For example, during the high-power
deuterium campaign, we developed ITER operating

scenarios that were much more stable than what we had
achieved before,” he states.

FOCUSSING ON THE DT CAMPAIGN
With JET now in shutdown, EUROfusion will start with preparations for the next scientific programme. “We are going to
analyse the results in detail, in order to prepare for the next
campaigns, and draw some conclusions for ITER operation. The
focus remains on the completion of the t ritium-tritium operation in 2018 and deuterium-tritium in 2019 – 2020,” explains
Xavier from EUROfusion. In the meantime, JET will receive
upgraded components for the NBI system – in collaboration
with ITER and US scientists and new Shattered Pellet
Injector, which will allow the researchers to s tudy d
 isruption
mitigation scenarios, and should also push JET up
to its full power of 34 MW. 
n
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AN UNREAL REALITY

pushes

FUSION
SCIENCE
V

irtual Reality seems like the
“Swiss Army knife” solution to
many fusion challenges. Because
of its versatility, the recent develop
ments within the entertainment
industry are helping the complex
science to save time and money.
The technique triggers human sen
ses and creates an almost “real”
surrounding which can be used to
remotely handle fusion devices or
train engineers. It can also inform
the public about fusion.
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STIMULATING
So what is Virtual Reality or VR? In its simplest form, Virtual
Reality is tricking the mind into thinking it is in a different
environment. The definition of the immersion into VR is
wide. Once one of the five human senses has been successfully convinced that the digital environment is real, the user
intuitively reacts to the scenario. Virtual Reality is no longer
just a game; it is finding ever more applications in science.
Simple screens or special glasses already allow the observer
visual entry into another world. A headset with motion
sensors accurately simulates head movements within this
new world thus adding another stimulus to the mind. Combining the visual effect with sound also makes up a major
part of the unreal reality.

TRAINING
“Jumping into the ‘other world’
allows you to experience the real size
of the objects. You want to catch them with your
hands”, says Delphine. The operator can, for instance, be
trained to solve tricky tasks. “They will store souvenirs in their
memory as if they were carrying out the operation for real.”
To prove the feasibility of the application, Keller and her colleagues successfully simulated an intervention on the divertor of WEST, EUROfusion’s almost finished French tokamak.
Instead of glasses, four large projection screens employing the
Cave Automatic Virtual Environment supplied by the French
Centre de Réalité virtuelle de la Méditerranée, provided the
visuals. The CEA experts also controlled a virtual character in real
time via a motion capture system. The software came
from CEA-LIST, a department that has
been specialising in Virtual
Reality for decades.

EUROfusion’s French
Research Unit has proven
the feasibility of VR applications while assembling
their tokamak WEST.
Picture: CRVM

HEARING
“We have integrated sound into our VR
experiences. It is quite useful when it comes to warning the operator when an object is about to collide”,
says Delphine Keller. The scientist from EUROf usion’s
French Research Unit CEA (French Alternative Energies and Atomic Energy Commission) is fully suited
up for a virtual tokamak visit. Delphine, whose job
it is to coordinate CEA’s Virtual Reality platform for
ITER, is wearing glasses, an immersive headset and
has suit markers on her arms to track her movements.

GROWING
The reasons for the rise of VR in science lie within
the developments made in the video gaming industry,
such as high-power Graphical Processor Units and
open-source applications. “We need to be constantly
aware of the evolving entertainment technologies.
This field is growing fast and has a huge community of
developers. Fusion science and engineering will surely
benefit from their ideas”, adds Delphine.
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HANDLING
It’s not that Robert Skilton is wearing glasses and motion
trackers throughout his entire working day. At the same
time, using visualisation and simulation tools is nothing
new to him. The Lead Technologist from RACE, the new
facility for Remote Applications in Challenging Environments on the Culham site, has gained experience during
his decades of remote operations on the Joint European
Torus (JET). “In 1996, we started to integrate the by then
state-of-the-art visualisation and simulation tools into the
control systems of the robots”, says Skilton. Remote Handling is one of JET’s core capabilities as ITER’s predecessor.
It is a technique that enables an operator to do manual
handling tasks without being physically present at the
work site and is therefore crucial for fusion experiments
whose interiors are a hostile environment to humans.

This movie shows how the
MASCOT boom, operated by
a member of CCFE’s Remote
Handling team, enters the JET
vessel					

www.euro-fusion.org/2011/11/
remote-handling-in-virtual-reality-2


SEEING
The ITER Organization is well aware that slipping into
a virtual tokamak has many advantages. First of all,
components can be adjusted well by checking the finished, although simulated, device. Obstacles can be identified before they become a reality and cause delays and
extra costs. Virtual Reality also has the benefit of adding
extrasenses to the human body. It’s like getting another,
much more flexible, pair of eyes. Additional mechanical
camera views explore what is usually concealed due to
strange angles. They can even enable the operator to look
“through” an object.

A task simulator
helps helps to
properly design.
ITER components.
Picture: HIT

VR in use during real
in-vessel operations at
the JET Remote Handling
Control Room. Picture:
© protected by United
Kingdom Atomic Energy
Authority

FEELING
Alongside CEA and others, the ITER Organization has also
called upon the Dutch Institute for Fundamental Energy
Research (DIFFER) for support. The Research Unit from
EUROfusion and its Japanese partner will deliver equatorial launchers which will help to heat and stabilise the
hot plasma. The proximity to the plasma creates a challenging environment with temperatures and strong radiation.
Humans may not enter here, but robots can. The Remote
Handling Study Centre from DIFFER teamed up with the
company Heemskerk Innovative Technologies (HIT) to
provide ITER with optimum designs for Remote Handling.
HIT has added force feedback to its Interactive Task Simulator. “We can simulate all the processes in the real hot cell
here”, says HIT remote handling-expert Jarich Koning: the
control and force feedback of the robotic arms, the image
from the limited set of cameras along with cables that slowly
swing back and forth all provide a detailed level of information. “We can almost completely mimic the progress of the
actual maintenance. You can‘t get this kind of insight from
static designs“, says the Dutch expert.

Watch here how an operator
uses simulated Remote Handling
while constructing a shaky
Jenga tower.
www.youtube.com/
watch?v=jWYMbVVFlEI]2
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CHANGING

ENTERTAINING

Because it must face up to various challenges in terms of
maintenance, designing, engineering, training, studying
and entertaining, fusion has been at the forefront when
it comes to exploring the features of Virtual Reality. The
Culham Centre for Fusion Energy was one of the first laboratories which used the, at the time, new computer simu
lations for its Remote Handling Facility. According to Tom
Mainelli, a future market analyst and expert for Devices &
AR/VR from the International Data Corporation, it won’t
be long before other areas will jump onto the bandwagon
into another reality: “VR will fundamentally change the
way many of us work.”

“We should definitely make
good use of high tech to present a high tech research like
fusion”, says Tamás Szabolics
from the Wigner Research Center
for Physics. Two years before the mobile
game ‘Pokemon go’ was launched, the software
engineer from EUROfusion’s Hungarian Research Unit
created a fusion app. Visitors at Wigner’s booth at the
23rd Sziget Festival were able to scan a book with their
mobile phones and have additional videos and information displayed on their devices. “People were amazed by
the flashing plasmas and impressive tokamak interiors”, he
continues. The engineer enjoyed coding the programme.
“Now that I have the experience, I will be able to enhance
the app by adding 3D models”, he says. Unfortunately, the
VR fusion app is not yet available.

COOPERATING
The potential applications afforded by VR as a future standard tool in complex science and industry
are increasing. Various scientific fields are collaborating in the search for feasible solutions, such as
the E
 uropean Spallation Source, a large scientific
project based in Lund (Sweden). Their engineers are
currently working with RACE experts to develop V
 R
simulations for operations in the Active Cells
Facility.

PLAYING
Want to give it a go? Try out EUROfusion’s
“Operation Tokamak” game. It lets you operate
fusion plasma using strong magnetic fields. But be
careful, the fusion fuel can become too hot and destroy
the machine. The game is available for Android and IOS
and can be downloaded here:

	

STUDYING
You don’t need to be a colleague in England or France to
virtually enter a tokamak. The Faculty of Nuclear Sciences
and Physical Engineering at the Czech Technical University
in Prague allows everyone to remotely operate the faculty’s
small tokamak Golem. Students from over 20 countries
have already conducted breakdown studies,
generated runaway electrons or undertook magnetohydrodynamic activity
observations.

www.tinyurl.
com/zomncjh
	

www.eurofusion.org/
operationtokamak/

Controling the
hot fuel: players
of EUROfusion’s
Operation. Picture:
EUROfusion
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Picture: courtesy of NIFS, Japan

J

ust two years after its launch, EUROfusion put in an impres
sive performance at this year’s Fusion Energy Conference

(FEC) in Kyoto. The International Atomic Energy Agency (IAEA), the
FEC organiser, has awarded Sebastijan Brezinsek’s teamwork on
the “ITER-like” wall in JET with the Nuclear Fusion Journal prize.

IAEA AWARDS
EUROfusion’s WORK
EUROPEAN SUCCESS IN KYOTO
To some researchers it’s THE fusion event: The 26th IAEA
FEC in Kyoto has again proved to be the most important
conference for discussing key physics and technology solutions for nuclear fusion. It was certainly a success for
EUROfusion: One third of the overview presentations
were held by consortium members.

THE MATERIAL FOR THE TOKAMAK INTERIOR
Moreover, Sebastijan Brezinsek from the Forschungszentrum Jülich, one of three EUROfusion Research Units from
Germany, won this year’s Nuclear Fusion Journal Award
as lead author of the paper ‘Fuel Retention Studies with
the ITER-Like Wall in JET’. The study has delivered experimentalevidence of the first wall and divertor materials
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choices made for ITER. It confirmed that, from the point
of view of fuel retention and sustainable fuel cycle, metal,
as opposed to carbon, is better suited for the interior wall
of tokamaks.

IMPROVING ITER PHYSICS
According to Richard Kamendje from the IAEA, the study
is a giant step for ITER’s progress: “The choice in favour of
beryllium and tungsten will meet the expectations of reduced tritium retention as compared to carbon”, says the
nuclear fusion expert. For him, the international science
community is progressing when it comes to addressing
ITER-related physics. “The current ITER physics basis is improving and, moreover, the confidence with regard to ITER
fulfilling its mission has been reinforced”, adds Richard.

| Moving Forward | EUROfusion |

MADE AN IMPACT
Winner Sebastijan does not take sole credit for the achievements. “This award is for the entire team participating
in the fuel retention studies and for all contributors who
have worked with the ITER-like wall in JET”, he says. Although having sometimes felt somewhat “absorbed” by the
work at EUROfusion’s flagship facility, he is now quite honoured that this particular research has made its impact
on the magnetic fusion community. The physicist indi
cates that the next Nuclear Fusion Journal award might be
given to a publication which discusses material research
for DEMO or the coupling between plasma core and the
plasma-surface interface, as has since been observed in
different metallic devices.

MORE WORLD-CLASS WORK FROM EUROPE?
The future will reveal whether it will be European scientists who will again receive the award. Nevertheless,
Richard finds that EUROfusion is on a good way to compiling all the necessary efforts: “European research is

EUROfusion researcher Sebastijan
Brezinsek (right)
receives the IAEA's
2016 Nuclear Fusion
Journal Prize from
IAEA Director General
Yukiya Amano.
Sebastijan is the lead
author of a paper describing experiments
run on the Joint
European Torus
which confirm the
use of beryllium and
tungstenas plasma-
facing materials for
the nuclear operation
phase at ITER.
Picture: courtesy
of NIFS, Japan

 ecoming transparent for the world. I appreciate the intelb
lectual diversity it brings in terms of the exploitation of its
fusion devices. However, more time is probably required
in order to enable us to demonstrate the efficiency of the
approach by producing more world-class work”, he says.

FUSION COLLABORATIONS MATERIALISE
During the FEC, it was clear that many countries wished
for further international collaborations. Several of these
were taking shape as the regular bilateral meetings between the European Commission and Japan, Russia, Korea
and China were held at the periphery of the conference.
The meeting with China, specifically, led to the signing
of a Technology Management Plan. Under the Peaceful
Uses of Nuclear Energy agreement, Dr Andras Siegler
(Director for Energy Research from the European Commission) and Dr Luo Delong (Ministry of Science and
Technology of the People's Republic of China) agreed to
reinforce and formalise the cooperation between Europe
and China. “Fusion in Europe” will continue to report on
the exchange.
n



This award is for
the entire team
participating in the fuel
retention studies and for
all contributors who
have worked with the
ITER-like wall in JET.
Sebastijan Brezinsek
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Gianfranco Federico, Head of EUROfusion’s DEMO Department, presenting during a celebration of the
successfull relaunch of the Belgian fusion device BR2. Picture: SCK•CEN
The picture shows the installation of MAST Upgrade’s ‘centre tube.’ Picture: © protected by United Kingdom
Atomic Energy Authority
Picture of an electrical discharge plasma in gases and liquids. Picture: IPP Prague
EUROfusion’s programme manager Tony Donné (to the right) inside the impressive vacuum chamber of the
Large Helical Device at the National Institute for Fusion Science in Japan. Picture: private
This is an orientation map showing the structure of stainless steel with a special coating. The picture was
created using the electron backscatter diffraction technique, thus enabling the researchers to explore the
microstructure of the material. Picture: IPP Prague
Two 35-metre long quench tanks are being shipped to Berre in France.Picture: ITER Organization
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During a local music festival in September, Wendelstein 7-X became the stage for a classic concert. Drummer
Richard Putz (picture) and other musicians performed music pieces inspired by light. Picture: IPP
8
A remotely controlled camera took unique photos inside the COMPASS tokamak, showing plasma radiation
during an exposure time of 0.5 milliseconds. Picture: IPP Prague
9
ASTERIX is the name of the laser system at EUROfusion’s Czech Research Unit in Prague. The picture on
the lab door ensures you won’t forget it. Pictures: EUROfusion
10 And this is what the Czech ASTERIX really looks like.
11 During the “Garching Open Doors” EUROfusion has for the first time introduced itself to a large and highly
interested audience. Picture: EUROfusion
12 ‘Enter with food to keep them running’ – Who says operators at the Czech tokamak COMPASS don’t have a
sense of humour? Picture: EUROfusion
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13 EUROfusion’s Czech Research Unit IPP also has a Materials Engineering Department. It is one of the few labs
worldwide which studies plasmas with both solid and liquid phases. Picture: IPP Prague
14 Former ITER Director-General Osamu Motojima visits the ITER stand, where a highly realistic Lego model of
the ITER Tokamak is on display. Two students from Kyoto University (Konishi Laboratory, Institute of Advanced
Energy) are brains behind this beauty – Taishi Sugiyama and Kaishi Sakane. Picture: ITER Organization
15 This picture belongs to the Extreme Plasma Physics section from EUROfusion‘s Portuguese Research Unit. It
shows a rotating magnetosphere where the inertia of a background electron-positron plasma slows down the
rotation of the magnetic field lines, creating a spiralling structure. Picture: IST
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COMPASS HAS
CHANGED

ITS

POINT

OF VIEW

Pointing the finger at a port on COMPASS' vessel wall. Picture: EUROfusion

T

he Czech tokamak COMPASS
has undergone delicate surgery.
A port modification has improved
the surveillance of the plasmaedge.
Only one Czech company was in a
position to accomplish this p
 recise
mission, after asking its European
partners for support.

14
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2 DAYS OF WORK, 9 MONTHS OF PREPARATION
The completion of the task itself only lasted 30 hours, but
the overall preparations took nine months. The Czech
tokamak COMPASS underwent a port modification to
optimise the measurements for the edge Thomson scattering diagnostic. This is a method which detects the density
and the temperature of electrons in the fusion plasma.

OLD GEOMETRICAL CONSTRAINTS
The COMPASS ports either face towards the plasma core
or tangentially. However, the Thomson scattering diagnos
tic equipment also requires one port pointed towards the
plasma edge. Until recently, it was not possible to cover
the w
 hole edge plasma region due to the geometrical
constraints of the existing edge port. “We could only
actually see the true edge of the plasma if we generated
smaller plasma”, says Martin Hron, the Deputy Head of
the Tokamak Department at the Institute of Plasma Physics (IPP) in Prague.



We could only see the true
edge of the plasma if we
generated smaller plasma ...
Martin Hron, the Deputy Head of the Tokamak
Department at the Institute of Plasma Physics (IPP) in Prague

KEEPING THE VACUUM
In order to optimise the view and enable the observation of
the entire edge plasma region, the edge port had to be cut
out and a new one at to be welded at a different angle while
maintaining the vacuum capabilities. COMPASS’ vessel is
made of the superalloy Inconel, a steel material with specific
properties. The cut-out for the new port had to be precisely
executed without damaging the vessel wall, magnetic coils
or the support structure. So, the institute designed the new
edge port and issued a call to tender. But only one company
was able to meet the demands: IMV Design, a company
which specialises in laser and robotic applications.
Watch the modification
works in a time lapse video:

www.youtube.com/watch?v=
5_eW59Nf_pM
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SHORTEST OUTAGE BUT HIGHLY DEMANDING
“Almost everything in a tokamak is special. In this unique
facility, most of the subsystems represent an e xtreme,
such as the achieved temperature values and the intensity of the magnetic field. Of course, the price of such a
device also commands respect. The need to ensure the
shortest p
 ossible downtime of the tokamak was the most
complicated requirement to be met. It a ctually meant
that we could remove as few of the peripheral devices as
possible“, says IMV Design’s Executive Manager Michal
Vychroň.

PRACTICE USING A MOCK-UP
The company’s specialists practised the laser cutting
procedure on a quarter of a full size mock-up which is
usually used for testing and special training. Thanks to

THOMSON SCATTERING
This is a diagnostic to measure temperature and density of the plasma. It uses intense bursts of laser light to interogate the
thermal motion of the plasma electrons by
analysing the scattered light signal.

The Thomson Scattering method on a model of the Joint
European Torus. Picture: EUROfusion

More information on
Thomson Scattering:

www.euro-fusion.org/?p=2430
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One of the main goals
was to enhance the plasma
research in H-mode. Now we can
start doing research.
Martin Hron

the tests, a robotic laser was able to cut out the original
port on the tokamak within 30 hours. After that, the new
port was welded into place and the vacuum pumping for
the tokamak was resumed. After resetting the necessary
standard wall conditions, including the vacuum vessel
baking, the tokamak was again ready for operation.

SEARCHING AND FINDING PEDESTALS
The COMPASS team is happy about the changes: “The
m odification worked very well, we can resolve the

| Research Units |

“We can learn a lot
from each other”
 edestals in all H-mode plasmas now.” Pedestals
p
are a feature within magnetically confined f usion
plasma. This term refers to a global increase of a
profile, such as pressure. When transiting from
the L-mode to the H-mode, the appearance of
the pedestal often leaves the profile gradients in
the core region intact whereas the edge gradients
increase sharply. Thus, it appears as if the core
profiles are merely shifted upwards, as if put
upon a pedestal.
Overall, the port modification has been a success for t he scientists working on COMPASS:
“One of the main goals of the modification was
to e nhance the plasma research in H-mode. Now
we can start doing research”, says Hron.
n

A glimpse of the manual work
inside the vessel of COMPASS.
Picture: IPP Prague

IMV Design’s Executive Manager Michal Vychroň talks
about the challenges of
modifying a tokamak. A project which was entirely new for
its company.
Picture: IMV Design

How did you solve the task?
After a couple of attempts using the
mock up, we could specify the appro
priate components of the laser system.
In this regard we were glad of the help
from an international company called
IPG Photonics Corporation which is a
manufacturer of fibre lasers. We also
collaborated with a supplier called
Laser Mechanisms. They specialise in
cutting heads. The procedure on the
tokamak itself took only two days but
it was a result of good preparation and
collaboration.
What did you learn?
We were able to verify our concept of
mobile robotics in practice, making 3D
laser cuttings possible wherever and
whenever it is needed.

In order not to damage
COMPASS’ vessel wall,
the company employed
a 3D laser cutting
technique to cut and
weld the superalloy
tungsten.
Picture: IMV Design

What advice would you give to other fusion
laboratories when it comes to an exchange with
industry?
We were really proud to be able to cooperate with
IPP Prague. So, I do not think that I am the one who
should be giving advice to other fusion workplaces. But
I am deeply convinced of the mutual benefit of close
cooperation. We can learn a lot from each other.
17
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HOW TO TAME

PLASMA
TURBULENCE
T

he per formance of a fusion
plasma, which should in the
end deliver energy, depends on
many factors. To understand and
tame the plasma behaviour, fusion
scientists have to dive deeper
into the turbulent phenomena that
cause energy and particle losses.
Recently, European, Asian and
A mer ic an resear cher s met to
discuss the latest findings.

18
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Paola Mantica

Plasma turbulence in Solar
wind. Picture: The image
was produced in conjunction with the article “Coherent structures, intermittent
turbulence, and dissipation
in high-temperature plasmas” (H. Karimabadi et al.;
in Physics of Plasmas
20/2013). The work is not
related to the Transport
Task Force.

JOINING EFFORTS
“We have conducted experiments and collect ed
computer codes which simulate transport processes, we compare them and validate the r esults”, says
Mantica. The rise of supercomputers has accele
rated the studies of transport in fusion plasmas.
“Nevertheless, those simulations are complicated,
they may take months of calculating time, even on
a supercomputer”, says the transport expert.

SMALL BUT IMPORTANT STEPS
Felipe Nathan Lopes can surely confirm that. He
took part in this year’s meeting. “I enjoyed the buzzing scientific environment there. It allowed me to
learn a lot in a short time”, says the master candidate
in Theoretical Plasma Physics at the University of
Brasilia (Brasil) who is currentlypursuing an
internship at the Barcelona Supercomputing
Center. He also has a scholarship from the
Universidad Politècnica de Catalunya
where he is doing a second master in
Nuclear Engineering.
Nathan presented a poster on the research
about the nonlinear electromagnetic stabi
lisation of microturbulence enhanced by
suprathermal ion gradient pressures. “I received
positive and constructive feedback during those four
days. I am realising that I am indeed cont ributing
another small but significant step towards fusion
energy.”

has dedicated her
scientific career to
understanding the
turbulent transport
of energy and particles. More than
30 years ago, she
Picture: private
started in plasma
physics at the “Instituto di Fisica del Plasma” in Milano. Mantica recently arranged for
97 intern ational experts to meet. She, and
her colleague Clarisse Bourdelle, chaired the
European Transport Task Force (TTF) Meeting
and organised the 21st Joint EU-US TTF conference in Leysin along with John Rice and Gary
Staebler (Chairs of the US TTF) and the Asian
Pacific TTF Chair Hogun Jhang. The conference began in 1994 following the example of the
recently established US initiative. S
 ince then,
it has continued as an annual joint meeting of
Europe and America, with the venue alternating
between the two continents. This time, EURO
fusion’s Swiss Plasma Center (SPC) played host.

Visualization of turbulent fluctuations
in the tokamak electrostatic potential
from simulations by the GYRO code,
developed by General Atomics.
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... I am realising that
I am indeed contributing another
small but significant step towards
fusion energy.
Felipe Nathan Lopes

EUROPE IS NOT ENOUGH
EUROfusion strongly supports transport research in order to understand
what l ies beh i nd t u rbu lence a nd
energy losses in fusion plasmas and,
u ltimately, in future fusion reactors.
The European fusion roadmap has
prioritised the field of thermonuclear
plasma transport in Mission 1 “Plasma regimes of operation”.
But for Paola Mantica, Europe is not
enough: “The joint data and codes
of American, Asian and European
research will surely provide more comprehensive information for us than just
the European. Getting this together
will help us to improve.”
She hopes that Asia will increase its
participation as already happened
in Leysin, thus making it a trilateral
event.
n

Felipe Nathan Lopes explains his work to a transport expert
during the 21st Transport Task Force meeting in Leysin.
Picture: private

The next workshop will be
held from 25th until the 28th
of April 2017 in Williamsburg, Virginia (USA). More
information on the latest
Task Force Transport
Meeting here:

MOVIE
Watch a little movie Nathan shot during the
meeting:

www.youtube.com/
watch?v=PXlU2Z3o7a0
20
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T

he perfect material for a fusion reactor is still
to be found. EUROfusion’s Finnish Research

Unit recently published a major breakthrough

IT UP!

in material science – and it came by accident.
High-entropy alloys, a combination of different
metals, appear to be much more resistant
towards radiation than pure ones.

“We heard about a project being carriedout by Oak Ridge
Nation al Laboratory. They were testing hybrid metals
under radiation influence” explains Kai Nordlund, mate
rials physicist from the University of Helsinki. High-
entropy alloys are a mixture of metal elements under
roughly equal concentration.



There are millions of
possible mixtures assuming
you only use 20 regular metals in
five different combinations.
Kai Nordlund, Materials physicist, University of Helsinki

BEAMS OF GOLD
Which combination would be the most resistant?
The scientists ran experiments and simulations while
using different mixtures with nickel. They thentested
the new metals under reactor conditions. Apparently,
high-entropy alloys, a complete new class of m ater ial,
could become the new super material for nuclear
power plants. But there is still a long way to go.

THE HIGH-ALLOY NEEDLE IN THE HAYSTACK

A high-entropy alloy captured using a scanning
electron microscope. Picture: Sheng Guo/Chalmers
University of Technology

OUT OF CURIOSITY
The concept behind the creation of these alloys is ten
years old and was first proposed by metallurgists. Some
three years ago, Yanwen Zhang at Oak Ridge National
Laboratory in Tennessee, co-Author of the s tudy,
i n it ia l ly u sed i rrad iat ion to process t hese new
m etal alloys, and shared the information with her
c olleagues Kai and Flyura Djurabekova in Finland.
“Amazingly enough, prior to this no one had ever tried
to mix several different elements using roughly equal
compositions. So, we decided, out of curiosity, to test the
samples for our purposes”, says the expert.

To date, the labs at Oak Ridge and the University of H
 elsinki
have just combined two, three or four elements. “There are
already millions of possible mixtures assuming you only
use 20 regular metals in five different combinations”, says
Kai. It is important now that many groups study the properties of the different material mixes by employing simulations. These e xperiments should be sufficient to find the
high alloy needle in the haystack, the material mix which
will be capable of surviving the radiation. “If good results
keep coming up, then this ought to be incorporated into
the EUROfusion programme”, adds the material physicist.

USED IN DEMO DIAGNOSTICS?
In order to become a feasible material in a nuclear plant,
the new metal still has to undergo a very strict licensing procedure. Hence, it will take some time until
high-entropy alloys will be permitted to enter a fusion
plant. “My guess is that they will be used in small parts
of the reactor first, maybe initially in some diagnostics
of DEMO”, pictures Kai. 
n
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WHAT IS EUROFUSION?
EUROfusion has worked hard over the past two years –
but what is EUROfusion specifically? A new brochure
answers this question. It provides information about why
and when the EUROfusion consortium was formed and
takes a detailed look at all of EUROfusion’s 29 signatories.
They all work towards one goal: realising cleaner and safer
energy.
n

Download a free copy
of the brochure here:

www.euro-fusion.org/downloads/


FusionWIKI

NEEDS MORE PAGES

The FusionWiki has already been visited two million
times, and this is just the beginning. The specialist online lexicon, integrated in the Fusenet initiative for educa
tion in fusion science and technology, answers questions
regarding fusion and plasma physics. And now it is l ooking
for more authors.
Anyone is welcome to visit the Wiki and check whether his
or her favourite topic has already been included. If
it isn’t, the interested user is able to set up a
brief page (a so-called ‘stub’) to register the

www.fusenet.eu/wiki
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Boudewijn van
Milligen, FusionWiki
administrator, is
looking for support.
Picture: CIEMAT

Picture:
Commons
Wikimedia

need for inclusion of this topic. This can subsequently be
elaborated on by either the author or others, whilst a lways
remembering that a Wiki is a collective community effort.
The FusionWiki was created in 2009 and contains over 200
pages. It is a central location which provides introductory
and orienting information for both new students and
established researchers in the field. Thus, the wiki delivers
brief introductory articles on the most relevant subjects,
along with links to the main papers for more in-depth
information.
n
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CENTRE OF STEEL FOR MAST
The only spherical tokamak in
the European fusion programme
is getting ready again. The Mega
Amp Spherical Tokamak (MAST)
is the UK's fusion energy experi
ment, based at Culham Centre
for Fusion Energy (CCFE). Along
with NSTX, a complementary
experiment at Princeton in the
USA, MAST is one of the world's
two leading spherical tokamaks.
Currently, the machine is under
going a major upgrade. The fact
sheet shows details of the instal
lation of MAST's Centre Tube.
This column of stainless steel runs
down the centre of the tokamak's
vacuum vessel. It is thin but extremelystrong. And it will need to be,
because the plasma experiments
will be exerting forces of over five
meganewtons – equivalent to half
the thrust of a rocket booster at
lift-off. 
n

Picture: © protected
by United Kingdom
Atomic Energy Authority

ENERGY ISSUES ON YOUR PLATE!
Discussing energy issues with the whole world – the 14th
INTERNATIONAL CONFERENCE OF YOUNG SCIENTISTS ON ENERGY ISSUES enables young scientists
to present their work to a wide audience. The organiser,
the Lithuanian Energy Institute, explicitly invites undergraduates. MSc, PhD students, postdocs and new engineers
to Kaunaus. The conference will take place on 25-26th
of May, 2017. The deadline for submitting abstracts and
registering is 6th January, 2017. 
n
For more information please check here
www.cyseni.com

The International Conference for Young Scientists
on Energy Issues will take part in the beautiful city
of Kaunas in Lithuania. Picture: LEI
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From laser to the target
chamber and out to the stars
Picture: Barande Jérémy/EP

SUPERNOVAE

IN THE LAB – POWERED
BY EUROfusion

F

rench scientist Sylvie Jacquemot has
spent almost all of her scientific career
working in laser-produced plasma physics
research. She fostered collaborations
between European researchers towards
an ambitious long-term goal: The produc
tion of laser induced fusion energy. Com
plementing EUROfusion’s main work in
magnetic confined fusion, Sylvie’s project
has been supported by two consecutive
Enabling Research (ER) Grants.
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... For Inertial Confinement
Fusion, we all need
to work together, just like the
magnetic fusion community
is doing within
the ITER project.
Sylvie Jacquemot

TRAINED LASER SCIENTIST
“When I started working with lasers, I would never have
thought that my studies would be useful for astrophysics”,
says Sylvie. After finishing her engineering studies
in 1985, Sylvie Jacquemot joined CEA (French Alternative Energies and Atomic Energy Commission) in order
to study laser-produced plasma physics. She spent more
than 20 years at one of the branches of the EUROf usion’s
French Research Unit, CEA, before accepting a position
at the LULI laboratory (Laboratoire pour l’Utilisation des
Lasers Intenses) in 2002. Sylvie’s project “Towards the
demonstration of Inertial Fusion Energy” (ToIFE) has been
the recipient of EUROfusion’s Enabling Research Grants
twice.

a race or a competition, indeed
the two approaches may even be
complementary.
The versatility and the flexibility
of laser experiments f acilitate
the investigation of fusion plasSylvie Jacquemot,
mas. And it m akes the implePicture: private
mentation of in situ diagnostics
easy. Energy transport within a hot plasma, x-ray emission or material science can thus be studied. But, in
inertial confinement fusion, neutrons are produced in
very intense and short bursts creating a much harsher
environment for materials in laser systems than in tokamaks which are designed to
 operate continuously.

A DIFFERENT PLASMA HEATING APPROACH

TEAMING UP

While EUROfusion’s main work focuses on Magnetic
Confinement Fusion (MCF), Sylvie’s project is quite
different because it deals with laser-driven fusion. Fusion
power can be generated using magnetic fields to confine
the hot fusion fuel in form of a plasma. This is precisely
what happens in tokamaks and stellarators. Sylvie’s
approach, laser-driven fusion, or inertial confinement
f usion (ICF) initiates fusion reactions by heating and
compressing a tiny fuel target, mostly a pellet containing
a deuterium-tritium mixture, using high-energy laser
beams or, alternatively, high-energy ion beams.

Team work and cooperation is something that has always
played a vital role in Sylvie’s professional life. For “ToIFE”
she brings together researchers from major European
labs in nine different countries who are working on laser
fusion and related topics.

LASER – A SIMPLER WAY TO STUDY
PLASMA PHYSICS
“It is still impossible to say whether magnetic or laser
f usion energy will be the most viable method of successfully delivering fusion energy”, says Sylvie. For her, it is not

Find out more
about ToIFE:

http://web.luli.polytechnique.fr/
IFE-KiT/ToIFE.htm
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“The objective is to show that inertial confinement
f usion is feasible. For that, we all need to work
together, just like the magnetic fusion community
is doing within the ITER project”, she says. Accordingly, the project is t aking advantage of the privileged access to French plasma e xperimentalists
to large-scale laser facilities, German knowledge
with regard to ion manipulation, Spanish expertise
in material science and Portuguese capabilities for
massive parallel particle-in-cell simulations.
Two consecutive Enabling Research Grants from
EUROf usion have financed travel and consumables
for the group. The outcomes are collaborative code
developments and fruitful experiments on European lasers but also, across the pond, on unique
US facil ities such as OMEGA at the University of
Rochester.

SERVING BEYOND FUSION
And it’s not only fusion science that benefits from
research in basic plasma physics. “In fact, when
i rradiating a target with laser beams, it is possible
to reproduce the temperature and pressure conditions of planet interiors or violent astrophysical

26

The laser hall of the LULI2000 facility at Ecole Polytechnique, where parts of
the ToIFE experimental studies are conducted. Picture: © Barande Jérémy/EP.

Labs in nine different countries
have joined ToIFE to prove that laser
driven fusion energy is feasible.
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In fact, when i rradiating
a target with laser beams, it is
possible to reproduce the
temperature and pressure
conditions of planet interiors or
violent astrophysical phenomena
such as supernovae.
Sylvie Jacquemot

 henomenasuch as supernovae.” This is an event
p
that o ccurs when a massive star ends its life in
an explosion, emitting a huge amount of energy
and launching materials and strong shock waves
t hrough the i nterstellar medium, thus triggering
the formation of new stars. This process is being
potentially powered by nuclear fusion – one more
example of how fusion science is a part of to fundamental research.

THE SPIRIT OF COLLABORATION
TOIFE already has access to key fusion experiments
which are currently being performed on the National
Ignition Facility, which is the only laser system operating in the suitable energy range. “Other Mega
joule-class facilities will be available soon, in C
 hina
and Russia but mostly in France, w ith the Laser
MégaJoule. These transnat ional cooperations will
allow us to compare, improve and validate concepts
and explore new ideas. It will boost the field but
will require strong transnational teamwork”, Sylvie
says. She hopes that, when she hands the project
over in 2019, her successor will continue to pursue
her e fforts towards the integration of the European
laser f usion community.
n

Enabling Research Grants
EUROfusion supports the Inertial Fusion
Energy (IFE) project within its Enabling
Research (ER) Grant programme. In November 2014, 19 ER projects, including
Sylvie’s one, were selected for funding.
EUROf usion has identified these projects as key elements in the pursuit of
new science and technology ideas. The
recently published mid-term evaluation of
the ER programme has already identified
a substantial impact of the supported
projects beyond fusion science or estab
lished technology. EUROfusion’s Science
and Technology Advisor y Comm ittee,
which evaluates and selects the ER proposals, acknowledges that some projects
fill critical gaps in the EUROf usion programme. Also, these two and three year
projects lead to the recruitment of a number of post-docs into fusion, as well as
supporting PhD theses. Moreover, the
flexible management and timescales
enable fruitful interactions with external
communities. They increase the exchange
of scientists and the importing of ideas.
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PUSHING THE SCIENCE
BEYOND FUSION
per le nuove tecnologie, l’energia e lo sviluppo economico sostenibile (ENEA) and Commissariat à l’énergie atomique et aux énergies alternatives (CEA). Only
the third prize was g iven to single engineer: Jonathan
Naish. He convinced the jury consisting of members
from both business and academia, with his virtual r eality
software VORTEX. The programme allows to detect
radiation h
 otspots in nuclear devices.

NUMBERS OF PROPOSALS DOUBLING
The SOFT fusion innovation prize is fairly new: it
was granted for the second time from the
European Commission, through the
Euratom fusion research programme.
The awards honours projects which
serve fusion science and beyond.
Moreover, the ideas provide a good
chance of entering the market as a
new technology.

SOFT Innovation Prize Winners.
Picture: CEA

“W

e most certainly support
collaborations in fusion”,

underlines G
 eorges Bonheure,

Donuts were served to supply
power to the SOFT audience.
They were a reminder that
fusion plasma is shaped like
this. Picture: EUROfusion

the Scientific Officer from the Re
search & Innovation Department of
the European Commission. The physicist
looks back at the 29th Symposium on
Fusion Technology (SOFT) in Prague which
has hosted about 800 international fusion
experts, coming from various universities,
research laboratories and industries.

After premiering with the SOFT Innovation prize 2014,
the organisers h
 ave seen increased interest with the
number of proposals more than doubling for the award.
“The tradit ionally intense collaborat ion in European
f usion res earch, which culminated in the establishment of EUROfusion, has helped promote joint science
projects” says Georges.
n

CELEBRATING TEAM WORK
Hence, it’s hardly surprising that two out of three SOFT
Innovation prize winners represent collaborations between key European actors. Like the 1st prize which
was awarded to a team of researchers of the Karlsruhe
Institute of Technology (KIT) and the Swiss Plasma
Center (SPC). Also the second prize was bagged by a
group of researchers coming from Agenzia nazionale

28

Check out the interviews with
scientists at this year’s SOFT
conference in Prague
www.youtube.com/channel/
UCAs77iVtWxYwibh21QW7LEQ/
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PRIZE

Croco – a new type of high temperature
superconducting cable
Award: 50.000 €
Nominees: Walter Fietz, Michael J. Wolf,
Reinhard Heller, Klaus-Peter Weiss, (all KIT),
Davide Uglietti and Pierluigi Bruzzone (both SPC).

SOFT
INNOVATION
PRIZE

29TH SYMPOSIUM
ON FUSION TECHNOLOGY

Idea: The team has developed a novel superconducting con
ductor concept which supports energy-efficient current transport. It might find application in future high-current cables of
fusion power plants, industrial facilities, or power grids.
Jury statement: The proposal shows a practical first-of-a-kind
use of the technology. It’s very positive that three patent applications have been filed through this project. This invention has
good potential for transferring fusion know-how to industrial
applications. The prize money should be used for the
invention’s transfer to fusion & power application.

nd

2

PRIZE

TRI2H2 – New membrane technology
to produce ultra-pure hydrogen

rd

3

Award: 25.000 €
Nominees: Silvano Tosti, Fabio Borgognoni, Fabrizio Marini,
Alessia Santucci, (all ENEA), Karine Liger, Pierre Trabuc,
Xavier Lefebvre (all CEA) and Nicolas Ghirelli (ITER).
Idea: The group has worked on membrane technologies and
developed high-performance membranes to s eparate tritium
from fusion reaction-rejected mixtures. The capabilities of
membranes, made of palladium-silver alloy, have already
stretched beyond fusion research, for example, to separate
hydrogen from olive mill waste water.
Jury statement: The main achievement of the process is not only
the decontamination of the tritiated waste but also its valorisation
through the recovery of highly costly tritium.
The invention has market potential in other fields besides
fusion technologies. The originality of the proposed innovation is confirmed by two international patents for
the process and the new membrane reactor.

PRIZE

Vortex – a new virtual reality software
technology to improve radioprotection
Award: 12.500 €
Nominees: Jonathan Naish (CCFE)
Idea: The VORTEX (Virtual Operator RadiaTion
EXposure) software prototype combines virtual reality
environments with the high-fidelity 3D data output
of radiation transport calculations, such as gamma
radiation dose and nuclear heating. The software has
the potential to be used in a variety of nuclear environments, including those outside of the fusion arena.
Jury statement: The traditional method is slow and
requires a radiation analyst to manually interrogate the
mesh data and define a path. VORTEX enables any operator to use a control pad or simple computer keyboard
controls to move the virtual operator. The prize money
could be spent on combining this software w
 ith another
project currently under development; the integration of
gamma detectors with an unmanned air vehicle (UAV)
to record 3-D dose data from nuclear reactors and other
radiation environments.
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YOUNG FACES OF FUSION

ROBERT
ABERNETHY

Picture: private

DIVERTOR RESEARCH:

A “HOT FUSION
NOT JUST FOR
TOPIC”, EARLY STAGERS
T

o Robert it’s nothing less than rocket scien
ce. The materials student from the University
of Oxford has recently organised the first divertor
workshop for students. He chose the divertor as
a topic, because he finds it “the most challen
ging area in a fusion device”. The participants of
this year’s European Student Divertor Research
Workshop came from various disciplines – a
fact which is crucial for Abernethy to s
 olve the
different challenges in fusion.
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Robert Abernethy (24) from
Liverpool is currently pursuing his PhD at the University of Oxford. He is interested in r adiation damage in
tungsten and loves to explore
material behaviour while
using state-of-the-artequipment: “Researching
this within the fusion community makes my work all
the more i nteresting and
enjoyable, thanks to working
alongside intelligent and
hardworking researchers
across a range of fields.”

The divertor, the “ashtray” of fusion devices. The
photo shows parts of the divertor for the refurbished French tokamak WEST with Langmuir Probes
cabling on it. Picture: Christophe Roux/CEA

What is so interesting about the divertor?
It could be one of the biggest tasks to be solved within
f usion science. We haven’t yet seen a similar environment
on Earth. The heat fluxes there are like those in a rocket
engine; the neutron flux is so intense that we cannot
reproduce it in experiments. This all just leads to a s pecial
material development that we just don’t see elsewhere.
And of c ourse, my research into tungsten, the material
which is used for harsh conditions, has motivated me to
organise this workshop.
The goal of your workshop was to connect European
students from different academic backgrounds. Why?
Fusion is, by its very nature, a challenge that crosses many
disciplines. Getting people with a variety of specialisations together in the early stages of their career was very
helpful for the success of the event. Indeed, we managed to
bring together 19 people from ten European institutions.
Fusion is a long term challenge. I hope the workshop has
set up collaborations which turn out to be fruitful over
the next few years. Unfortunately, there are not enough
meetings like this taking place.

31

FUSION IN EUROPE
Participants of the first
divertor workshop held at
the University of Oxford.
Picture: University of Oxford

What do you mean?
As a scientist starting out on your career, you
would like to receive feedback and practice.
Of course, it’s great to hear the big speakers
presenting at the conferences but you will rarely
have the opportunity to get in touch with them
and have the chance to ask particular questions.
For instance, by inviting Tilman Lunt (IPP Garching) and Tom Barrett (CCFE) we offered the
participants a way of engaging them in individual talks. It was also motivating to hear about
the work being carried out for the new upper
ASDEX-Upgrade divertor or the challenges in
engineering a tungsten divertor. Moreover, it
turned out to be quite significant to have an
engineer and a material experts discussing
the same topic. You don‘t see that very often in
conferences.

Plasma Exhaust
Robert is right. The divertor is a “hot topic” in
fusion research. Improving divertor designs
is one of the main targets of EUROfusion’s
research. Mission 2 of the European fusion
roadmap prioritises the so called ‘Heat-
exhaust systems’. The outcome should
result in magnetic configurations that will
reduce the heat loads and ensure the use
of divertor materials capable of handling
them. EUROfusion has launched a call this
year to fill the gap in plasma exhaust re
search. The consortium is currently deciding on about ten proposals which cover
conventional or alternative divertors, as
well as conventional materials and plasma
facing units and advanced materials.

Are you planning another divertor workshop
next year?
I hope so. We have managed to establish a network and I am asking around to find out whether
someone would be interested in hosting the next
event. It would be great to hold it at a facility
which enables us to directly study the divertor,
thus a facility with a fusion device.
Do you have any special facility in mind?
I would be very interested in visiting the Swiss
Tokamak à Configuration Variable (TCV). It
provides the most fl
 exibility for implementing
the different divertor concepts. I am curious to
see what’s going on there and what looks the
most promising.
n
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See also the article:
“Snowflake and the
multiple divertor concepts”





www.euro-fusion.org/newsletter/
divertor-concepts/
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FUSION
IN EUROPE
INVITES Thomas Mull

COMBINING PHYSICS
AND MANAGEMENT FORCES
Physics in all its variants is the strength of the European
fusion laboratories. Technics and project management
are the strengths of industry. EUROfusion is about to join
all forces.
Back in 2010, the European Commission decided that
i ndustry should play a more active role in the development of fusion technology; especially while defining a
reactor technology programme and participating in the
power plant design beyond ITER. This was made one of the
missions for the Fusion Industry Innovation Forum (FIIF)
which was established at that time. In 2010, it was already clear that this meant the implementation of collaboration between i ndustry and the fusion research centres.
Before EUROf usion and up to now, however, fusion-
related industrial work in Europe has focused on the ITER
project and a number of other projects, such as Wendel
stein 7-X or the contributions to the Broader Approach,
a joint project between Fusion For Energy, Japan and
EUROf usion. H
 ence, industrial work has been centred
on manufacturing and construction, a situation which, of
course, cannot change drastically before the ITER pro
curement activities are completed.
Nevertheless, the Roadmap to Fusion Electricity issued in
2012 communicated the European vision of a post-ITER
device, a vision of a fusion demonstration power plant to
be developed by the Research Units in a new partnership
with industry. Now industry would come back into play to
design the engineering for a completely new plant. For the
time being (2014 – 2018), the first steps on this road are
being made by EUROfusion.
In 2014, the involvement of industry in DEMO included a
mere ten industrial full time employees. A certain deficit
which reflected the fact that E
 UROfusion was a new entity.
The available funding was rather limited and there were
d istances between the partners: they had difficulties in
u nderstanding one another, listening to each other and
integrating teams.

But this situation has improved, thanks to dedicated efforts
from EUROfusion. Industry involvement will have more
than doubled in 2016, and in 2017 it is in a good position to
reach five times the level of 2014. The flow of information between EUROfusion and industry has intensified thanks to the
contact points implemented by the FIIF and EUROfusion’s
Power Plant Physics and Technology Expert Group (PPPTEG). In fact, industry is participating now in the plant design.
The collaboration has still room for improvements. Aware
of that, EUROfusion is currently investigating how to
e xploit industrial management skills for PPPT. From
an i ndustrial point of view, project management is a
centralised process, hierarchically structured with a clear
delegation of entitlements and responsibilities, with commitments and deliveries with regard to time and quality.
Among the challenges ahead, the key issues will be, firstly,
to sustainably secure industrial support and, secondly, to
truly transfer leadership from research to industry.
n
Dr Thomas Mull, Areva

Dr
Thomas
Mull
Thomas Mull (born 1960) has joined AREVA GmbH
(then Siemens Power Generation Kraftwerkunion
KWU) in 1992. In 2012, he took over responsibility
for Nuclear Fusion, High Temperature Reactor and
Transverse Model Activities. Thomas Mull was the
Administration Manager at European Fusion Enginee
ring and Technology EEIG (EFET) for two years before
the termination of EFET in 2014. In the frame of EFET,
AREVA GmbH participated in the ITER Engineering
Design Activities. This year, the company has started
to work with EUROfusion on early DEMO industry tasks.
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summing up |

“This issue
of Fusion in
Europe was
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